>

The depth of the chamber can now be selected based upon usual
considerations of soll condition, and land cost, etc., although, as will be
seen later, shallower depths than usual are preferable. The remaining problem
is to ensure that the required slope is obtained. The required slope is
calculated from Equation 1. The slope in open channel flow can be calculated

by Mannings' equation:

) n 2 £4/3
Slope = (Velocity) 1.49 R ) (Eq. 2)

where "n" 1s a factor relating to the obstruction to flow of obstacles at
walls and within the channel. This factor is historically called a "roughness
factor " and the numerical value found in hydraulics handbooks is (.011 for
steel or neat concrete and 0.03 for the situation where corrugated metal froms
the wall of a channel whose width is several hundred times the corrugation
height. For our purpose, this could be considered a turbulence promotion
facter. Work is in progress to determine the effective turbulence promotion
effect of corrugate.;l- baffles in narrow passages where we belleve it to be at
least twice the (.03 value given above. The effect for other configurations
is being studied as well. The term '"roughness factor"” will be used until a more
appropriate term is coined.

The hydraulic radius "R" is the ratio of the cross~sectional area of

the passage in t2 to the wetted perimeter in feet.

Since the velocity has been fixed and the required slope calculated,

only the roughness factor relating to he type of wall and/or baffle surface

and the hydraulic radius relating to the wall area parallel to the flow path
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can be governed by the designer.

The combined effect of these two variables is calculated from
Equation 2,

For illustration in Figure 3, corrugated baffles parallel to the path are

shown. In this simplified sketch, the significant dimensions are shown.
The passage width is fixed by the selected velocity and channel depth. The
number of the parallel baffles inserted determines the hydraulic radius. The
roughness factor is determined primarily by the surface of the baffle material
selected.

In spite of the undeveloped state of this design scheme, we were able
to produce a chamber within 6% (9,400) of the design target (10,000), on our
first attempt. Also, additional baffles can be easily inserted at a later date
if required.

This design scheme vields considerable insight to the evaluation of
the performance of existing and future contact chambers. The disinfection
performance has been shown to be a function of the GT parameter. In
conventional chambers the outlet welr is located near the design rate water
level so that the water volume is nearly constant at all flow rates. As can be
seen by Equations 1 and 2, the G varies as the (velocity)l's. With constant
Hquid level, the T varies as (1/velocity), thus the GT parameter will vary
as the (velocity)*® or with (flow rate):°, This poorer performance at reduced
flow rate would escape attention under relatively constant rate conditions in

a sewage plant, However, under the widely variable rate conditions met in
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combined sewer overflow service, 1t must be consildered. The use of a Sutro
weilr has been proposed to maintain a constant velocity at all flow rates.

A 92 cfs (60 mgd) Intensity Mixed Chicrine Contact Chamber has hean
designed. This chamber was designed to follow a microstrainer facility with
46 cfs treatment capacity and an additional 46 cfs bypass capacity. The
chlarine contact chamber was designed to have 120 séconds residence time at
the 92 ¢fs rate and,since a Sutro weir is used the residence time at less than
the 92 cfs rate will be about 120 seconds also. The velocity 1s 1.5 ft/sec and the
amount of baffling and its configuration is such to yield a velocity gradient
G of 40,as in our pilot plant.

The chamber is 40' by 40' anci has an average liquld depth of 7' at
maximum flow. Internal walls form a labyrinthine-like passage of 8' in width
and produce a velocity of 1.5 ft/sec. The internal walls are faced with a
commercially available corrugated asbestos siding having 1~1/2" deep
corrugations. -

Two additional corrugated panels are mounied as parallel baffles in the
channels forming 32 inch wide passages. The bhaffles extend from liquid level
to within a foot of the floor. Ideally the floor would be similiarly corrugated.
but this is not necessary. The head loss through the chamber at peak flow
is about 8 inches. (See Figure 3}

The inlet to the chamber is equipped with a 3 hp mixer sweeping an
8! x 8' sectron of the channel (about 5 sec residence time). A mixer of this

horsepower should be able to impart 1 hydraulic horsepower to the water to
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enduce a mixing intensity of about 200 sec'l in this 450 ft3 volume, which
should be adequate for thoroughly mixing the chlorine chemicals. Such a
provision for mixing of chemicals 1s incomparably superior to the methods
usudlly used in sewage plants. The mixer should be of such a type that it
can operate at varying water levels from 7' down to 1°',

The outlet of the chamber should be fitted with a relatively narrow
cutlet weir placed as low as the available outfall head will allow, preferably
at the bottom. Further, the outlet weir should be of the Sutro type to maintain
the velocity in the chamber, at less than peak rate, as near the peak rate
veloclty as posslible. A Sutro weir at the bottom will maintain peak rate
velocity at all flow-thru rates. In the event the allowable outfall head will
not permit placing the weir at the bottom, a small pump must be provided to
ampty the chamber at the end of the storm.

The installed cost of such a chamber has been calculated to be about
$53,000 (in 1969 dollars) less the cost of land, engineering and profit {(1). It
is difficult to compare costs develeoped by different estimators. However, this
cost can be compared to the data developed by Smith (15) of $25,000 for anl
$11, 000 £t3 basin, which is the volume of the basin described above. Also,
it can be compared to Smith’s estimate of $90,000 for the 81,000 ft3 chamber
required to provide 15 minutes residence for 60 mgd in a conventional chamber,

The inherent advantage of increased turbulence economically induced in
this type of installation to enhance reaction rates ¢an be used in many situations.
An obvious example would be to use it in chlorine contact chambers at sewage
plants with savings in construction cost, land, and the advantage of high

virus kill and reliable bacteria kill.
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A report by the American Public Works Association published
in 1970 gave the results of a study of combined sewer overflow regulator
facilities. Design, performance and operation and maintenance experiences
from the United States and Canada, and in selected foreign countries
were reported. It was evident that North Amerdcan practice has
emphasized the design of regulators simply as flow splitters, dividing
the quantity of combined sewage to be directed to the treatment
facitilities, and the overflow to receiving waters, Little consideration
was given to dmproving the quality of the overflow wastewater.

Using hydraulic laboratory tests and mathematical modeling
strongly we have determined that it is possible to remove significant
portions of settleable and floatable solids from combined sewage overflows
by using a swirl concentrator. The practical, simple structure has
the advantages of low capital cost; absence of primary mechanical parts
should reduce maintenance problems; and construction largely with inert
material should minimize corrosion. Operation of the faeility is
automatically induced by the inflowing combined sewage so that operating
problems normal to dynamic regulators such as clogging will be very
infrequent.

The device, as developed, consists of a circular channel in
which rotary motion of the sewage is induced by the kinetic energy of
the sewage entering the chamber. Flow to the treatment.plant is deflected
and discharges through an orifice called the foul sewer outlet, located.
at the bottom and near the center of the chamber, Excess flow in storm
periods discharges over a eircular weir around the center of the tank
and is conveyed to storage treatment devices as required or to receiving
waters. The concept is that the rotary motion causes the sewage to

follow along a spiral path through the circular chamber.
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A free surface vortex was eliminated by using a flow deflector,
preventing flow completing its first revolution in the chamber from
merging with inlet flow. Some rotational movement remains, but in
the form of a gentle swirl, so that water entering the chamber from the
inlet pipe is slowed down and diffused with very little turbulence. The
particles entering the basin spread over the full cross section of the
chamnel and settle rapidly. Solids are entrained along the bottom,
around the chamber, and are concentrated at the foul sewer outlet.

Figure 1, Isometric View of Swirl Concentrator, depicts the
final hydraulic model layout showing details such as the floatables
trap, foul outlet and floor gutters.

The swirl concentrator may have practical applications as a
degritter, or grit removal device for sanitary sewage flows or separate
storm water discharges of urban runoff waters. It may have capabllities
for the clarification of sanitary sewage in treatment plants, in the
form of primary settling or, possibly, final settling chambers. It
might be used for concentrating, thickening, or elutriating sewage
sludpges. 7Tt may be serviceable in the separation, concentration and
recycling of certain Iindustrial waste waters, such as pulp and paper
wastes or food processing wastes, with reuse of concentrated solids and
recirculation of clarified overflow waters in industrial processing
closed cilrculit systems.

In water purification practices, i1t may find feasible
applications in chemical mixing, cecagulation and clarification of
raw water. Other uses may prove to be realistlc and workable.

Complete reports describing the hydraulic laboratory study
and the mathematical modeling are included in the report EPA R2-72-008,
September 1972, published by USEPA. The body of the report details the
basis of the assumptions used to establish the character and amount of
flow to be treated and the design of a swirl concentrator based upon
the hydraulic and mathematical studies.

Although the study was performed for the City of Lancaster,
Pennsylvania, with a specific point of application defined, all work

was accomplished in a manner which allows ready translation
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application of the results to conditilions which might be found at other
installations and for other purposes.

Consideration of the use of a swirl concentrator as a combined
sewer overflow regulator facility requires an evaluation of many factors
which include:

1. hydraulic head differential between the collector

and Interceptor sewers and head available in collector
sewer to allow insystem storage;

2. hydraulic capacity of collector sewer;

3. design flow;

4, dry-weather flow and capacity of interceptor sewer; and

5. amount and character of settleable solids.

Although many of these items have been mentioned in the
preceding sections of the report, the importance of each will be
highlighted in order to emphasize the importance of each point in a
preliminary evaluation of the use of the swirl concentrator.

Hydrgulic Head Differential, There must be sufficient

hydraulic head availlable to allow dry-weather flows to pass through the
facility and remain in the channel., The total head required for

operation is shown In Figure 2, Hydraulic Head Requirements. Determination
of the maximum elevation in the collector sewer that can be utilized for
insystem storage and the differential elevation between the collector

and interceptor sewers is the total available head.

The head required will vary directly with flow and the outlet
losses in the foul sewer.

If éufficient head is not available to operate the foul sewer
discharge by gravity, an economic evaluation would be necessary to
determine the value of either pumping the foul sewer outflow continuously,
or pumping the foul flow during storm conditions and bypassing the swirl
concentrator during dry-weather conditions, perhaps with a fluidic

regulator,
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FIGURE 2

HYDRAULIC HEAD REQUIREMENTS

Hydraulic Capacity of Collector Sewer Svstem. The facility

must be designed to handle the total flow which might be delivered by

the collector system. Thus a study of the drainage area must be made

to determine the limiting grade and pipe gizes which control the quantity
of flow. Solids removal from a peak flowrate may not be required.

If the chamber is not designed for such maximum flows, however, veloclty
energies which could be developed at such full flow conditions should

be avoided by providing a bypass in the form of a side overflow weir.

Design Flow, Selection of the design flow for sizing the

chamber should be accomplished on the basis of a complete hydrological
study to determine frequency and amount of precipitation which can be
anticipated as well as runoff hydrographs. Computer models such as
developed by the University of Florida for USEPA can be of assistance

in determining the solids load which may be associated with variocus amounts
and intensity of precipitation. Provision of maximum solids removal for

a two-year frequency storm for the Lancaster, Pennsylvania, project was
made on the basis of engineering judgment and an evaluation of local
receiving water conditions. As the cost of construction will increase

in direct proportion to design flow, an economical evaluation should

generally be used to select the flow capacity. The efficiency curve
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for the facllity is rather flat over a wide range of flows, resulting
in perhaps large increases in cost for marginal improvements in
efficiency.

A major constraint in selecting large design flows is the
anticipated shoaling problems of solids at low flow rates in large
facilities, Self cleaning is enhanced by reduced diameters, This
consideration may make it desirable to design for lower flows,
particularly where some form of overflow treatment is to be provided.
Again the computer model can be used to determine the magnitude of
the sollds carry-over problem to the secondary device.

A third consideration is the maintenance of low-inflow
velocities, with turbulence minimized. At the design flow the inflow
velocity should be in the range of three to five fps, The Inflow
veloclity may require reduction by enlarged pipe sectlons or other
means to achileve this rate.

Dry Weather Flow and Capacity of Interceptor Sewer., Sizing

of the foul sewer, the foul outlet and the gutter depend uponr a
determination of the dry-weather Elow in additlon, the capacity of the
Interceptor sewer to handle the foul flow must be known. The foul sewer
must be large enough to maintain and not be subject to blockage- -—-
usually a minimum 12-inch diamter, However, the head on the outlet
during overflow conditlons will allow considerable variations in the
foul discharge 1if it is not controlled.
The efficlency of the chamber 1g affected by the ratio of
foul flow to overflow---although there appears to be a broad operating
range over which reasonable removal efficiencies can be maintalned.
Maximum advantage should be taken of capacity in the interceptor
system, particularly during the period when the chamber is being drawn
down. Thus, sensing of the flow in the interceptor and the use of a
control gate on the foul sewer appear desirable to obtain maximum results

from the use of the chamber.

s
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Amount of Character of Settleable Solids. The sewer system

must provide capacity to handle the Iincrease in settleable solids which
will be captured from the combined sewer cverflow and discharged to

the treatment plant. 1In the case of Lancaster, Pennsylvanila, this
could amount to more than a ton of solids from one device in a very
short period of time. Additional grit removal and sludge processing
equipment may be necessary. Should the foul flow be pumped, sumps and
pumps should be designed to handle the anticipated high solids content.

If the settleable solids which can be anticipated in the
combined sewer overflow can be defined by the amount, specific gravity,
and particle size, the mathematical and the hydraulic model may be
used to determine the size of the chamber required to achleve desired
levels of solids removal. Ordinarily this will not be feasible and
the flow criteria developed by the hydraulic model will be used to
design the facility and predict removal efficiencies.

In order to evaluate the efficiency of the chamber, facilities
should be provided for sampling the inflow, foul sewer flow and overflow.
Settleable solids should be delineated in all of these flows. The
quantity of inflow and foul sewer flow should also be measured.
Difficulties in obtaining representative samples from any of the flows
may make evaluation difficult., However, the treatment plant or
combined sewer overflow treatment facility , if used, should provide an
excellent means of making a gross evaluation into the effectiveness
of the chamber.

Provision of a means to measure the depth of flow over the
weir should act to give a reliable measurement of the flow when added
to the quantity of flow to the foul sewer.

Data from many full-scale operations, operating with various
flow conditions and solld loadings will be necessary to properly
evaluate the usefulness of the swirl concentrator as a combined sewerx

overflow regulator,
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Cost of Facilitv. The cost of construction of the swirl

concentrator will vary with the length of inlet pipe which must be
reconstructed, the depth of the chamber and the nature of the material
to be excavated, the need for a roof, and the general site conditions
under which the work will be conducted. The materials of construction
will wsually be concrete and steel and elaborate form work will not
be required.

For the Lancaster, Pennsylvanla, application where a
36 foot diameter chamber in limestone is contemplated, the preliminary
estimate of cost was $100,000 in 1972 costs. This cost estimate inecluded
a roof, foul sewer outlet contral and a wash-dowm system. Site
construction problems are minimized in as much as the construction will

.be off of the street right-of-way.
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THE EPA STORMWATER MANAGEMENT MODEL

A CURRENT OVERVIEW

by

Wayne C. Huber, James P. Heaney, Hasan Sheikh
Department of Environmental Engineering Sciences
University of Florida
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1. INTRODUCTION

A:. COMBINED AND STORM SEWER OVERFLOWS

An enormous pollution load is placed on streams and other
recelving waters by comblned and separate storm sewer overflows.
It has been estimated that the total pounds of pollutants (BOD
and suspended solids) contributed yearly to recelving waters by
such overflows 1s of the same order of magnitude as that released
by all secondary sewage treatment facilities (Gameson and Davidson,
1964; Pileld and Struzeski, 1972). The Environmental Protection
Agency (EPA) has recognized this problem and led and coordinated
efforts to develop and demonstrate pollution abatement procedures
(Field and Struzeski, 1972). These procedures include not only
Improved treatment and stovage facilities, but also possibllities
for upstream abatement alternatives such as rooftops and parking
lot rerention, increased infiltration, improved street sweeping,
retention basins and catchbasin cleaning or removal. The com-
plexities and costs of proposed abatement procedures require that
care and effort be expended by municipalities and others charged

with decision making for the solution of these problems,

B, THE STORM WATER MANAGEMENT MODEL

It was recognized that an invaluable tool to decision makers
would be a comprehensive mathematical computer simulation program
that would accurately model quantity (flow) and quality {(concen-

trations) during the total urban rainfall-runoff process. This model
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would not only provide an accurate representation of the physical
system, but also provide an opportunity to determine the effect of
proposed pollution abatement procedures. Alternatives could then
be tested on the model and least cost solutions could be developed,

As a result, the University of Florida (UF), Metcalf and Eddy,
Inc., Engineers (ME) and Water Resources Engineers (WRE) were
awarded a joint contract for the development, demonstration and
verification of the Storm Water Management Model (SWMM). The re—~
sulting model, completed in October, 1970, has been documented
(EPA, 19713,-b, ¢, d) and is presently being used by a variety
of consulting firms and universities.

The present SWMM is descriptive in nature and will model most
urban configurations encompassing rainfall, runcff, drainage,
storage-treatment, and receilving waters. The major components of
the SWMM are illustrated in Figure 1-1. However, it does not
define nordetermine any decisions for the system or consider alter-

native methods for efficient economic comparisoms.

C. DECISION MAKING

In recognition of the need for improved decision making
capabilities, the University of Florida submitted a proposal to EPA
titled "A Decision Making Model for the Management of Storm Water
Pollution Control" in which it was intended to provide a sys-
tematic procedure which could be applied to a2 wide variety of
specific circumstances in support of intelligent management decisions.

The work required to obtain a least cost solution would be considerably
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reduced by means of determining the origin of the most severe
pollution load, consideration of all upstream and downstream pol-
lution abatement procedures and associated costs, and through the
possible use of mathematical optimization techniques.

The project was funded as part of apn EPA Demongtration
Grant to Lancaster, Pennsylvania (Federal Grant No. 11023GSC),

in which an underground "silo,"

a swirl concentrator and a micro-
strainer were to be installed at the outfall of the Stevens Avenue
Drainage District to control overflow into the Conestoga Creek
{details are presented in the next sectiop).

Results of the decision-making methodology and other aspects
of the research have recently been formulated (Heaney and Huber,
1973). Decislon-making for urban storm water management is
presented in the broader context of urban water resources management,
Pollution sources and control optlons are Inventoried and accompanied
by economic data. Performance standards are considered and the
importance of automobile-related facilities (e.g., streets, parking
lots, curbs and gutters) as contributors to storm water pollution
and quantity is emphasized. Finally, a linear programming and game
theory approach is used to develop efficlent and equitable controel
atrategies,

This paper presents an overview of the SWMM by illustrating its
use in Lancaster; the followlng section is taken from the Final
Report (Heaney and Huber, 1973} from which other detalls are avallable.

Major revisions to the Model have been made to include urban erosion
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prediction, modeling of new treatment devices and biplogical treat-
ment facilities, monitoring of significant pollution sources,
flexibility 1n modeling new areas, new and improved cost functions
for treatment and storage optlons and a modgst hydraulic design
capabllity as well as minor programmipg changes and slight format
revisions., The SWMM has proven to be a useful and economical

tool in the assessment of urban storm water problems. Individual
runs described in the following section, for instance, could be
accomplished using less than three minutes of CPU time on the

IBM 370/165 at the University of Florida Computing Genter, for a
Runof f-Transport~Storage/Treatment-Receiving simulation. Although

computational changes vary, they are well within reasonable bounds.
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2, TESTING IN LANCASTER, PENNSYLVANIA

The City of Lancaster, Pennsylvania, population 79,500, is
situated in a drainage area of about 8,24 square miles {5,274 acres).
The receiving stream in the Lancaster area 1s the Conestoga Creek
which drains an area of approximately 473 square miles into the
Susquehanna River. The average flow is 387 cubic feet per second
with a maximum recorded flow of 22,800 cubic feet per second.

There are two sewage treatment plants within the city, both of
which discharge into the Conestoga Creek. The North Plant with a
capacity of 10 mgd serves a population of 36,000 people, and the
South Plant recently expanded from 6 mgd to 12 mgd and 1s designed to
serve 69,000 people. Both plants provide secondary treatment. About
one third of the flow to the North Plant is derived from areas with
separate sewers outslde the city serving an estimated population of
17,500 people and some industries. The remaining two thirds of the
sewage flow to the North Plant is derived from the combined sewers
serving the north part of the city plus about 250 suburban acres
estimated to ;;ve 18,500 peopld and many water-using industries. 1In
addition, most of the year the water table is high resulting in con-
siderable infiltrstion. An overflow line diverts excess flow to the
Conestoga during wet weather. The North Plant drainage area is esti-
mated at 3.72 square miles,

The South Plant is designed to handle a population of 34,500

served by combined sewers and,in addition,up to an approximately equal
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amount from separated sewers throughout the surrounding area, The
South Plant drailnage area encompasses 4,52 square miles and is
comprised of four districts. Stevens Avenue district which is the
subject of EPA demonstration grant 1s one of the four districts
connected to the South Plant. Three of the districts, including
Stevens Avenue, pump the sewage from a receiving station within the
district to the South Plant, All locations have overflow arrange-
ments that discharge Into the Conestoga Creek when the capacity of
the system 1s exceeded,

The total drainage area of the Stevens Avenue district ig 227
acres which, while only about 4.3% of the total Lancaster
drainage area served by North and South treatment plants, is 17% of
the drainage area designed to flow Into the South Plant from combined
gsewers. The population within the Stevens Avenue district is esti-
mated at 3,900. Figure 2-1 iliustrates various drainage districts

within the city.

1. DEMONSTRATION GRANT DESCRIPTION

In order to remedy the situation resulting from combiped sewer
overflows, the City of Lancaster decided to explore means other than
sewer separation. Comstructlon of several underground silos at
various locations within the Q}ty is contemplated for retention of
overflow during wet periods and subsequent pumping to the treatment
plants during low flow periods.

Stevens Avenue district was selected as the demonstration site

for evaluation of the effectiveness of a silo In combating combined
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sewer overflows. The sewer layout for Stevens Avenue district is
shown in Figure 2-2. During normal dry weather periods, the dry
weather flow is pumped to the South treatment plant. Durlng wet
periods, when the incoming flow to the pump station exceeds the
capaclity of the statiom, the overflow discharges directly into the
Conestoga Creek through a 60 inch sewer located at point & on
Figure 2-1,

The City of Lancaster also authorized APWA to develop design
parameters for a full-scale gwirl concentrator for removal of
solids prior to the retention of flow in the underground silo.
Location of the demonstration site is shown in Figure 2-2, A
flow diagram of the proposed swirl concentrator-silo treatment Is
presented in Figure 2-3. 1In order to fully evaluate this treatment
the city decided to include chlorination and microstraining as a
part of this demonstration project, The capacity of the silo is
expected to be 160,000 cf.

The tasks assigned to the University of Florida were as follows:

1) Condu¥t further verification and testing of the Storm

Water Management Model based on active overflow
measurements on selected storm events and to make
refinements to the Model;

2) Provide results of simulatjons to the APWA in order

for it to develop design criteria and sizing of the

swirl concentrator;

3) Simulate the effect of the swirl concentrator-under-
ground sile treatment; and

4) Simuylate the effect of combined sewer overflow from
the entire city to the Comestoga Creek.
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2, DESCRIPTION OF THE STﬁVENS AVENUE RUNS

A total of four studies comprising nine storms were simulated.
The city and its engineers provided input data as well as two overall
measurements. The Stevens Avenue districet was subdivided into 41
subcatchments. A description of each study and 1ts results are given
below:

Study No. 1.--The first stud& was based on a series of storms
between July 29 and August 3, 1971, This six~day period deposited
a4 record amount of precipitation throughout the Lancaster area
{(variously measured between 7.3 and 9.46 inche;). buring four of the
six days, the storms were very intense over short perieds; in one case,
being the second heaviest of record. For purposes of simulation,
Study No. 1 was divided into six storms. The amount and times of
precipltation assumed for each of these six storms are shown in
Figures 2-4 through 2-9 and results of computer simulations for
each of these storms are shown in the same figures, These figures
show the expected quantity and quality of the overflow from the
Stevens Avenue district for a given rainfall, These runs indicate
that an overflow as high as 400 cfs may be expected for a storm event
similar to Storm No. 6.

These computer runs alsc indicate that total suspended solids and
BOD discharges expected in the overflow way be on the order of magnitude
of 778 pounds and 635 pounds respectively for Storm No. 5 and 849 pounds
and 768 pounds respectively for Storm No. 6. Unfortunately, since
actual flow measurements were not taken during this study, it was not pos-

sible to determine the actual overflow quantity and quality. However,
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results of subsequent studies indicate that actual overflows are
generally predicted adequately by computer runs. Quality predictions
are more variable.

Resdlts of this study were used by APWA In sizing the swirl con-
centrator, A design flow of this device was established at 150 cfs.
Computer simulation studies were also conducted for all six
storms to evaluate the effect of the swirl concentrator-underground

8llo facilities on the combined overflow quality. The results of
Storm Nos. 5 and 6 are shown on Figures 2-8 and 2-9 respectively.
As illustrated in these figures, the quality of the overflow is
significantly dmproved through the installation of the swirl concen-
trator-underground silo,

Study No. 2.--This study consisted of a storm that began in the
morning of August 27, 1971 and contlnued almost 30 hours to the
morning of the next day. It resulted in varying amounts of rainfall
throughout the city averaging more than 3.5 Inches. The results of
the computer simularion were similar to those obtained from Study No.
and for this reason are not included herein. Again, no measurements
were taken during this study.

Study No. 3.--This study 1s based on a relatively minor rainfall

event of March 22, 1972, This study is of special importance, however,

because it 1s one of the types most frequently experienced in terms of
intensity of rainfall. It is also one for which relatively complete
verification data such as rainfall, flow readings and samples were
collected. The rainfall is shown in Filgure 2-10 along with results

of the computer simulation showing overflow quantity and quality.
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Shown in the same illustration are the actual quantity and quality
measurements of the overflow. 1t can be seen that agreement between
the computer simulation and the actual measurements of flow is fairly
good considering the degree of accuracy of the lnput data as well
as that of the measurements. The agreement between the computed and
measured quality parameters is not as good as for flows.

Computer simulations were also conducted on this study to deter-

mine the effect of the swirl concentrator-underground silo system.

These results are alse shown in Figure 2-10. With the siloc system, the

Model indicates no overflow In the Conestoga Creek.

Study No. 4.--This study is based on 2 storm that occured on
Rovember 29, 1971. This study is also of importance from the stand-
point of Model verification as overflow measurements were conducted
during this storm. The rainfall and results of the computer simu-
lation for this storm are presented in Figure 2-11 along with the
actual measurements for comparison. Again, it can be seen that
agreement between the actusl measurements and predicted results is
fairly good. The predicted results of the swirl concentrator-under-

ground silo system are also shown in Filgure 2-11.

3. RUNS IN THE NORTH AND SOUTH DISTRICT

Limired computer simulations were also conducted for the North
and South drainage districts. The North district was subdivided
into 66 catchments and the South district into 104 catchments. The

sewer layouts for the North and South districts are shown in Figures

2-12 and 2-13.
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